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THE PURPOSES OF ENVIRONMENTAL TESTING
FOR SCIENTIFIC SATELLITES

INTRODUCTION

Reliability is an attribute of a device which cannot be
directly measured. 1In treating reliability numerically we
introduce the concepts of probability and define reliability
as:

"The probability of a successful operation
of the device in the manner intended and
under._. the conditions of intended customer

use."l

This definition (and many similar ones) leaves a large number
of open questions. These lie chiefly in determining the
required level of "probability" and in defining criteria for
"success".

The required level for the reliability of a satellite
is a function of its mission. The following paper will be
directed toward an exposition of the reliability and
environmental testing problems as they apply to scientific
satellites as distinguished from those spacecraft used for
manned space-flight or for military purposes. In general,
the manned and military missions require a considerably
higher degree of reliability than does the scientific one.
Unreliability in a scientific satellite implies loss of
data, in a manned satellite loss of life, in a military
satellite risk to the nation's defense posture. On the other
hand, the scientific satellite is usually more complex, is
developed in a short period of time, and carries instrumenta-
tion at the highest levels of the state-of-the-art. The
problems of reliability assessment are therefore of comparable
difficulty for all three categories but are approached from
slightly differing points of view.

1 Lloyd, D. K. and Lipow, M., Reliability: Management, Methods
and Mathematics. (Prentice-Hall: Englewood Cliffs, New
Jersey, 1962), Page 20.




The scientific satellite has as its objective the making
of fundamental measurements which cannot be made from earth.
In some cases, these measurements must be made in-situ; in
others, we must raise our instruments above the distorting
effects of the earth's atmosphere, magnetic field, and
ionosphere. A given satellite usually carries a set of
experiments all intended to make simultaneous measurements
of interest in a given discipline. We have Explorer VIII
making direct measurements of the ionosphere, Explorer XI
orbiting a gamma ray telescope, Explorer XII measuring
energetic particles, and the Orbiting Solar Observatory
measuring electromagnetic radiation from the sun as examples.
A listing of satellites and space probes launched by the
Goddard Space Flight Center (GSFC) as of December 1962 is
attached.

In broader terms, Dr. Robert Jastrow has summarized
the intent of NASA's scientific investigations in space
as follows:

"Although they involve many questions in
physical science, nonetheless most of the
matters under investigation by space
flight vehicles may be grouped around
a relatively small number of central
problems:

First, problems relating to the structures
of stars and galaxies: stellar evolution,
nucleosynthesis, the cosmic abundances of
the elements.

Second, the origin and evolution of the
solar system, the formation of the sun and
planets, and the subsequent history of

the planetary bodies.

Third, the control exercised by the sun
over the atmosphere of the earth, the
structure of the upper atmosphere, and

the causes of weather activity in the lower
atmosphere."2

Proceedings of the NASA-University Conference on the
Science and Technology of Space Exploration, Nov. 1-3, 1962,
(Chicago, Illinois), Volume I.



The level of reliability which should be required of a
satellite whose purpose is to gather data applicable to
these fundamental problems is a difficult one to set. 1In
the terms of usual time scale for the evolution of new
scientific theory from basic data, the scientist is not
particularly interested in whether the data comes from
today's launching or the launching of the back-up flight
unit a few months hence. (Favorable planetary orbital
conjunctions are an obvious restriction on this freedom in
time. However, the "launch window" is often sufficiently
long to provide for a second launching.) The circumstance
of a back-up unit then gives an impression that all we
require is a reasonably high probability that at least one
of two units should be successful.

Another problem arises when we consider the question
of what constitutes success. Since we are flying perhaps
five experiments on even a small satellite, we do not
require that all work perfectly before calling the shot a
success. Furthermore, the required duration for acceptable
operation should be defined. For some satellites, transmission
of data for a few orbits might suffice. For others which hope
to determine expected ranges of the measured parameters,
months may be needed.

On the basis of scientific considerations alone
assignment of reliability requirements is impossible.
Reliability is fundamentally a ratio. It is used to weigh
risk against investment. Traditionally, scientific
investigation has been concerned with the gathering of.
accurate data, subjecting it to rigorous analysis, fitting it
to theoretical hypotheses and subsequently gathering further
independent data for verification of the results. Employing
satellites as a scientific tool has changed one factor in
th{iis process markedly: the cost of making the experiment.
Expensive tools have been used before: e. g. the cyclotron.
However, the "one-shot" nature of the satellite experiment is
probably paralleled only by the investigations of the effects
of atomic explosions.

By introducing cost considerations, we begin to have a
basis for stating the satellite reliability problem. A
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level of performance must be obtained which balances the
high costs of an individual firing against the need for
obtaining timely accurate data with a package of minimum
weight containing exotic instrumentation.

Typical scientific satellite costs are given below:

TABLE I *
Spacecraft Vehicle
Satellite Vehicle Cost Cost
International IX Scout MS 1.3 M$ 1.0
Explorer XII Delta 2.7 2.5
POGO Thor-Agena 11.5 6.5
Advanced 0SO Atlas-Agena 17.0 8.3

* These numerical values are estimates and must not be
taken as authoritative.

By taking the total dollars budgeted and the total
weight of satellites in orbit, one may derive an estimate
of $50,000 per pound for all efforts to date.3 It is
clear then that one cannot be promiscuous in launching
unproven designs.

A TYPICAL SCIENTIFIC SATELLITE - EXPLORER XII

Before proceeding further with a discussion of
reliability, a brief exposition of a typical satellite's
make-up is in order. Explorer XII launched on August 15, 1961,
has been chosen as an example. As described in the attached
summary, it carried some five experiments and provided 2568
hours of real-time data before it ceased transmitting.

Figure 1 is a picture of Explorer XII. Figure 2 shows
a block diagram of the system. A weight breakdown by
function is as follows:

3 New, J. C. Achieving Satellite Reliability Through
Environmental Tests, (Proceedings of the Institute of
Environmental Sciences) April 1963 - (to be published).




TABLE II

Per Cent of

Weight (Lbs.) Total Weight
STRUCTURE 22.5 27.0
TELEMETRY 5.5 6.6
POWER SUPPLY 21.7 26.0
INTERFACE HARDWARE 6.0 7.2
EXPERIMENTS 27.5 33.0
TOTAL 83.2 99.8

This basic satellite with different experiments was also
successfully flown as Explorers XIV and XV.

From a reliability point of view there is nothing
striking thus far. We have an electronics package weighing
little more than a typical television set. However, looking
more closely, we find an impressive number of electronic parts.

TABLE III
Capacitors (Fixed) 1,121
Capacitors (Variable) 9
Diodes 813
Resistors (Fixed) 2,633
Resistors (Variable) 11
Transistors 1,063
Connectors 70
Inductoré 93
Transformers 43
Crystals 2
Switches 10
Solar Cells 6,144

TOTAL 12,002
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One may take for granted that these parts are taxed as
heavily as the designers dare in an effort both to minimize
weight and perform sophisticated tasks.

MATHEMATICAL MODELS

Lloyd and Lipow4 discuss the establishment of mathematical
models of physical systems wherein the reliability of each
function ¢f the system can be estimated for a point in time.
This type of model can be extended to cover the probability of
successful operation as a function of time. The reliability
assessment of the Mariner spacecraft by the Planning Research
Corporation is a good example of this technique.

After the model is established, empirical data for the
expected performance of the individual parts (under predicted
electrical and "environmental" stresses) are inserted. These
data are almost always in terms of failure rates as defined
for an exponential distribution.® By suitable combination of
these rates, one may derive the expected "mean time between
failures" for the complete system. Table IV gives. such
predictions for the Explorer XII spacecraft.

There is a fundamental difficulty in employing the
output of the mathematical model of a satellite: the
applicability of the empirical data used. Because of the
rapid pace of electronic part development, the large
sample sizes, uniform populations and statistical product
quality control, which must form the basis for part performance
prediction, do not apply. Or as I heard it stated recently:;
"The model is good: if only we had some decent part data".
NASA is now beginning to try to assemble a "preferred parts
list" for space applications. However, it is very difficult
to tell the designer that he must wait months for qualification
testing when a supplier markets a new high performance device.

4 Lloyd & Lipow, Op. Cit. Chapter 9.

Planning Research Corporation, Reljability Assessment of
the Mariner Spacecraft, December 17, 1962. PRC R-293

6 Lloyd & Lipow, Op. Cit. Page 137.



TABLE 1V
Satellite Subassembly Mean Time Between Failures
Over Voltage Regulator 0.085 x 106 hrs.
Current Monitor 0.16 x 106 hrs.
Battery "A" & "B" 2.5 x lO6 hrs.
Recycle Timer 0.051 x 106 hrs.
Command Program Switch 0.12 x lO6 hrs.
(essential components)
Command Program Switch 0.061 x 106 hrs.
(all components)
Regulator Converter 0.012 x lO6 hrs.
Encoder Converter 0.044 x lO6 hrs.
Digital Oscillator 1 0.030 x lO6 hrs.
(optical aspect)
Digital Oscillator 2 0.033 x lO6 hrs.
(cosmic ray)
Digital Oscillator 3 0.022 x 106 hrs.
(cosmic ray)
Digital Oscillator 4 (S.U.I.) 0.031 x 106 hrs.
Analog Oscillator 1 (Ames) 0.046 x lO6 hrs.
Analog Oscillator 2 (I&E) 0.045 x lO6 hrs,
Analcog Oscillator -3 0.046 x 106 hrs.
(Magnetometer)
Analog Oscillator 4 0.020 x 106 hrs.
(Performance Parameters)
Analog Oscillator 5 0.016 x 106 hrs.
(Performance Parameters)
6

Transmitter 0.030 x 10 hrs.
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At present then, the mathematical prediction is only
indicative. The intent in setting up a model of a satellite
system is to highlight those elements of the assembly which
have the greatest impact on system performance rather than
to make accurate quantitative predictions.

TESTING PHILOSOPHY

Satellites are not only "one-shot", they are virtually
"one of a kind". Usually a prototype, a flight unit and a
back-up flight unit are the only complete assemblies that
are made. Thus, the variations between individual elements
and the unpredictable interactions and dependencies which
are the curse of accurate mathematical analysis tend to
dominate the problem. One cannot, therefore, predict flight
unit performance on a statistical basis from the results
+of previous testing. In this situation, rigorous testing of
the actual units to be flown becomes a necessity.

The purpose of environmental testing in a satellite
program is to establish the suitability for flight of a
given "flight unit". Hereafter, we will deal almost entirely
with systems tests. Subassembly testing under environmental
stresses more severe than those expected in actual use is
presupposed. It must be noted at this point that the
difficulty of conducting adequate subassembly tests of
complicated new devices on the time scale of the typical
satellite development program is frequently overwhelming.
This results in the presence in early systems tests of
subsystems which may never have experienced environmental
exposures. This is particularly true of the experiments
themselves.

The emphasis on systems testing is sound on a
statistical basis as pointed out by Lloyd and Lipow in
their discussion of experimentation and testing.’ There
is one point, however, which the authors do not discuss.
This is the fact that in tests of a complete system, no
information is generated as to the input and output
sensitivities of individual subassemblies. A marginal
condition may exist and remain undetected. Subassembly
testing must cover this problem.

7 Ibid., Pages 350 & 371.



SYSTEMS TEST OBJECTIVES
The systems test program for a satellite has six goals:

(1) Verification that novel or unproven designs
meet performance requirements and have a
satisfactory life expectancy.

(2) Verification that particular samples of
previously employed hardware are suitable
in a new application.

(3) Elimination of defects in design, material
or workmanship (ice. finding the weak
links in the chain).

(4) Discovery of unexpected interactions
between subassemblies when the system
is exposed to environmental stress.

(5) Training of personnel who will be
responsible for the satellite at the
launching site and those who will be
responsible for data reduction and
analysis.

(6) Generatiocn of information which will
serve as a guide in making new designs
and in assessing their reliability.

(We are careful to avoid pretending that we in any way measure
the reliability of the satellite.)

In attempting to reach the goals, despite the limitations,
one must formulate a model of the failure pattern which we
might expect to encounter. The test philosophy is then based
on this concept. Our somewhat limited experience suggests
that satellite failures fall into four categoriess

(1) Early failures caused by a major design
weakness.

(2) Early failures resulting from defects in
material or workmanship.
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(3) Random failures whose frequency of
occurrence is a function of design and
quality control.

(4) Wear-out failures.

Figure 3 illustrates this pattern which is also
discussed by Lloyd and Lipow as being applicable to rocket
engines.s'9

The systems test program is directed chiefly at
eliminating those failures which arise from the first two
causes. Although some insight is gained during the program
into the pattern of random failure which may be expected,
mathematical reliability analysis (despite its weaknesses)
is probably the best guide to expected performance after
infant mortality has been accounted for. Wear-out caused by
exposure to mechanical environments is often covered in the
test program. Wear-out caused by other factors such as
surface deterioration under high vacuum is usually best
attacked at a materials, component or subassembly level
because of the extreme cost of conducting extended systems
tests.

DESIGN QUALIFICATION (PROTOTYPE) TESTS

In a given satellite development program there may or
may not be an electronic "bread board" of the complete
system. In any case, the prototype is almost invariably
the first unit in which the subassemblies appear together
in their near final configuration and packaged in their
proper relationship in the final structure. As indicated
in Figure 3, many problems may be expected in the integration
of the subassemblies into the prototype before producing a
"working" satellite. At some point in the integration of
the prototype, the pursuit of perfection in "bench"
performance must be discarded in favor of the study of the
design's performance in the face of the environmental rigors
which it will encounter in the prelaunch, launch and
space flight phases of its life. This is a conscious decision
on the part of the project manager.

8
9

Ibid., Page 416.

It should be noted that this failure pattern has been attacked
as unsupported by data by many authors. e.g. Cuthill, R. W.,
The Reliability Concept and Its Relationship to Pe¥formance.
American Management Association Report.
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Tests of the prototype system are directed toward the
qualification of a design. It is in this series of tests
that failures in the first category (major design weaknesses)
should be eliminated. 1In attempting design-qualification
with one sample, one must break with many traditional
environmental test concepts. Overtesting is a necessity,
but because of weight limitations, designs cannot be
expected to have too great a margin.10 Test to failure in
several environments becomes a near impossibility on the time
‘'scale of a typical program. In the face of these problems,
prototype test levels are usually established at what one
might consider the 99% probability level. That is, there
should be no more than one chance in a hundred that the
flight unit will experience an environment more severe than
that employed in prototype testing. The difficulties in
setting a 99% level in a field as new as space flight are
self-evident: adequate data usually does not exist.

FLIGHT UNIT TESTING

Tests of the flight units are directed toward the
acceptance of a particular system for flight. Because only
one prototype has been qualified, virtually no information
is available on the variation which may be expected from
unit to unit of the same design. Testing of the flight unit
is intended then to discover failures in the second category:
defects in material or workmanship. The exposure of flight
hardware to severe environments is frequently attacked as
tending to detract from its useful life. However, the
~purpose of the tests is valid, and they must be run. The key
'to the problem lies in the duration of the prototype tests.
They must be long enough to give reasonable assurance that
the design can survive both the environments imposed in
acceptance testing of the flight units and those encountered
in actual launching and flight. In the Pioneer V Program,
for example, the prototype was subjected to its vibration
schedule ten times to gain such assurance. Test levels for
the flight units are usually set at the 95% probability level.
That is, there is one chance in twenty that they will be
exceeded when the actual launching takes place.

10 One must also be aware of another trap in over—speciinng

environments. For example: if a design temperature is

set arbitrarily high, you may force the use of low gain
silicon transistors when half as many germanium transistors
might have done the job. Here reliability may have been
decreased rather than enhanced.
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TEST LEVELS

Severity of applied environments has been set at the 99%
level for qualification testing and the 95% level for
acceptance testing. In view of the paucity of the available
data, one can hardly justify thinking of these levels in
statistical terms with carefully computed standard deviations
and levels of confidence. Instead, the 95% level is usually
taken to imply a condition which is supported by the most
severe valid data which has been obtained. The 99% level is
then set at an assumed mean value plus one and one half times
the difference between the mean and the 95% level. This
procedure is approximately correct mathematically for a
normally distributed variable.

THE TEST PLAN

Environmental testing of a satellite system is an integral
part of the development cycle. As such it must be carefully
pre-planned to assure that all factors of importance in a
given program will be given proper consideration. Because
environmental tests come just before launch, the time available
for them inevitably shrinks as unexpected problems cause
development program slippage while launching schedules remain
inflexible. In this situation, a valid and comprehensive test
plan approved and directed by management is a necessity to
prevent errors and omissions during the drive to get acceptable
flight units. Corners will be cut unless a clearly defined
program has previously been established.

A test plan must first include the procedures by which
the performance of the system under test is to be evaluated.
In practice, there are usually three levels of such check-out.
First, there is what might be termed an "in-line systems check".
(In-line systems are rigorously defined as those whose individual
failure would cause failures of the whole system. 1In practice,
the term is usually applied to the power supply, encoding,
telemetry and command receiver systems.) Such a check-out

11 The 95% point of a cumulative normal is at 1.65o-. Then

1.5 x 1.650~= 2.47o—. This is the 99. 3% point.
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procedure might be used, for example, during a vibration.
exposure. While survival of vibration is frequently all
that is required, anomalies in performance as indicated

by an in-line check made during vibration may be indicative
of marginal conditions. Second, there is the "experiment
exercise check". This procedure checks not only the in-line
systems but also requires that the experiments be excited

in some manner which causes their indicated output to leave
the base line. This check might be used at some intermediate
point in a vibration test during one of the many changes in
set-up usually involved. Third, there is the "integrated
systems test" during which experiments are not only exercised
but also calibrated. This check is required before and after
all major environmental conditionings.

The bulk of a test plan is devoted to the exposition of
detailed procedures for the application of environmental
conditioning to the particular satellite in question. While
general specifications serve as a guide, they cannot be
applied indiscriminately.12 For example, acceleration levels
depend on the weight of the satellite; and the manner of
simulating the thermal environment in space depends upon the
detailed techniques employed in the satellite for temperature
control. In establishing the proper procedures for environmental
test, a thorough knowledge of the satellite, the environment
and the capabilities of the test equipment must be available.
Improper test technique can lead to either the acceptance
of an unsuitable system or the over-design of the system to
pass an unrealistic test.

A final portion of the test plan is devoted to the
criteria for "passing" a test, what procedures are to be
followed in the event of certain classes of failures, and
the manner in which failures are to be reported. The failure
report system is usually part of a policy which transends a
particular test program. However, the test plan must assure
that this procedure is followed to permit the utilization of
object lessons painfully learned today in the design of future
satellites.

12 e.g. General Environmental Test Specification for Delta

Launched Spacecraft, Goddard Space Flight Center,
Preliminary Draft, November 1962.
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ENVIRONMENTAL EXPOSURES

The selection of the environmental exposures which are
to be applied to a particular satellite during its test
program must be made on the basis of an intimate knowledge
of its purpose, functioning, and life cycle. Many exposures,
levels and procedures which are meaningful in one application
do not apply in others. Many tests included in an environmental
test program are operational checks (e.g. a de-spin test) or
are in the nature of property determinations (e.g. a moment
of inertia measurement) rather than environmental exposures.
These are included because of the complexity of the facilities
involved.

The environments which should be considered in planning
a satellite test program are illustrated in Figure 4. Assurance
must be gained of the ability of the spacecraft to withstand
all of these which are applicable in a given case. Some aspects
may be covered by engineering calculation, e.g. radiation
shielding. Other problemsare treated on a subassembly basis,
e.g. operation of bearings in ultra-high vacuum. Systems tests
are directed toward those areas in which the interactions of
subassemblies will be strongly felt. The discussion which
follows will cover those environmental tests which are most
often employed and are believed to be of the greatest significance.

Qualification testing of the prototype is directed toward
the verification of the soundness of the system design as
discussed above. Therefore, this portion of the test program
is relatively broad in scope. Typically the following exposures
are included: dynamic balancing and spin (if applicable),
acceleration, vibration, shock, temperature, humidity, and
thermal-vacuum.

Acceptance testing of the flight units is intended to
uncover significant deviations of these samples from the
qualified prototype design, chiefly in the areas of material
and workmanship, and to verify that the particular unit is
suitable for launching. Usually vibration, thermal-vacuum
and final balancing are the only exposures employed.
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Balance and Spin

Dynamic balancing of a spinning satellite is required to
assure stability of the spin axis. Even for a stabilized
satellite, measurement of its inertial properties and trim-
balancing may be required to assure proper performance of
the control system. A spin test (for a spinning satellite)
is a natural adjunct to balancing since they are usually
conducted on the same machine. While one thinks of satellites
as operating in a zero-g environment, at 600 rpm the centripetal
acceleration amounts to 10g/inch away from the center of
rotation.

Acceleration

Acceleration tests are quite straightforward when the
maximum acceleration which the vehicle can impart to a
satellite of a given weight is known. A major problem is
raised by the fact that most satellites are relatively long
compared to the radius of available centrifuges. One must
then consider the significance of the acceleration gradient
which will exist in the satellite under test. A more subtle
problem arises from the various possible combinations of
axial and lateral accelerations which may exist simultaneously.

Vibration

Vibration testing is a compromise between many factors.
First, our machines apply vibration in only one direction
at a time in contrast to the actual flight condition. This
results in extended test durations. Second, the vehicles
currently in use inject both random and quasi-sinusoidal inputs
to the satellite. Separate tests are frequently called for.
Third, the final rocket stage and satellite mounting may exhibit
a mechanical impedance comparable to that of the satellite.
Test levels are then conditioned by the properties of the
particular satellite. Fourth, the applicability of existing
data has been seriously questioned from many quarters. A
careful in-flight measurement program for vibration has been
undertaken by GSFC in conjunction with its scientific satellite
launchings.

Shock

There are two sources of shock for a satellite system:
handling and rocket staging. Neither of these is especially
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severe in most cases. Normally a satellite is packaged with
reasonable care to mitigate handling shock. Rocket staging
rarely results in a pulse representing a velocity change of
more than a very few feet per second. Typically, a drop
test is used to verify resistance to shock.

Temperature

A temperature test is conducted on the prototype for
two reasons. First, one must assure that the system will
not be damaged by temperatures which will be encountered in
handling, storage, or transit. If a controlled environment
is provided by exotic packaging, this must be considered.
Second, tests in a temperature chamber provide a first look
at performance under expected space conditions. The presence
of rapidly moving air, of course, depresses the temperatures
which will be attained by power dissipating elements.
Nevertheless, experience has shown the test to be very valuable.

Humidity

A relatively mild (compared to military specifications)
humidity exposure (30°C with 95% RH for 24 hours) is usually
employed with satellites. The test is used to assure that
no permanent damage will be inflicted and to obtain an estimate
of the "drying" time which may be involved when the satellite
is returned to controlled conditions after exposure to high
humidity. Damage to the satellite or excessive recovery times
resulting from this test may dictate that protection from high
humidity be provided the satellite at all times.

Thermal-Vacuum

Thermal-vacuum tests attempt to simulate the environment
which the satellite will encounter in space with respect to
temperature and pressure. Chamber pressures below 1x10~4 mm Hg
are usually considered acceptable since air conduction is
essentially negligible at this level. The study of surface
effects which occur at much lower pressures (below 1x10~8 mmHg)
is not a suitable objective for most overall systems tests.
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(c) GSFC believes in testing a flight unit,
designated a prototype, at approximately
150% of the flight acceptance tests.

. (d) After the testing program, the system should
remain intact and last minute changes avoided
like the plague (firing jitters problem)."13

In reviewing our weekly reports for a one year period,
we have culled references to some 266 malfunctions encountered
———————during the testing phase on a dozen satellites and probes.

All of these would of course not result inm outright failure
of the mission. It is (very crudely) estimated that 25%
would have been in this "disaster" category.

Looking more closely at the data for five particular
cases, we can make the following tabulation:

TABLE V
FAITLURES DURING SYSTEMS TEST

(Summary for Five Spacecraft)

Type of Failure

Test Condition. Electrical Mechanical Total
Checkout 12 6 18
Vibration 20 14 34
Temperature 3 -- 3
Vacuum 5 — 5
Thermal-Vacuum 51 3 54

Total 91 23 114

The high incidence of pre-test check-out failures is indicative
of the pace of a satellite development program and the desire
. cited above to enter systems testing as quickly as possible.
) The failures under test follow about the pattern one would
expect.

13 Internal GSFC Memorandum dated January 21, 1963.
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Simalation of the thermal environment is a much more
complicated matter. Techniques range from controlling the
temperature of the wall of the vacuum vessel (soak tests),
through predicted temperature contour reproduction and heat
flux simulation to full solar simulation. In choosing the
technique to be employed in a given instance, a detailed
knowledge of the thermal control system is required. Further,
the distinction between running a performance test and verifying
the thermal design must always be kept clearly in mind.

The Goddard Space Flight Center has been respgggiblé’

EXPERIENCE WITH EVALUATION PROGRAMS

for the launching of some twenty-six satellites and space

probes as described in the attached tabulation. These have
ranged from the 79-pound Explorer X to the 458-pound Orbiting
Solar Observatory. Eight of these satellites have been tested
in-house, the remainder have been tested by the prime contractor
under Goddard supervision. These programs have moulded much

of the philosophy discussed above.

In general, these satellites have been highly successful.
They range from six successful TIROS satellites in six
attempts to the highly publicized failure of one half of the
Relay Communications Satellite. (Redundancy paid off.)

The question now arises as to the contribution of the
environmental testing program to these successes. In discussing
the reasons for Goddard's success, Dr. J. W. Townsend, Assistant
Director for Space Science and Satellite Applications, has said:

"The principal cornerstone of ocur development
philosophy has been our belief and reliance in a strong
testing program.

(a)

(b)

GSFC believes in the FULL SYSTEMS test approach.
Every reasonable attempt should be made to test
the entire system under as realistic conditions
as possible and as early in the development cycle
as feasible.

GSFC believes in 100% flight acceptance testing
at expected average flight levels plus 2 sigma
(95% level).
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From another point of view, we have always had much
more difficulty with prototype qualification than anyone
expected. However, we have then had much less trouble with
the flight units than most people feared after the prototype
experience.

ADEQUACY OF TEST LEVELS
Vibration

___ As discussed earlier, there is considerable uneasiness
over the proper levels Gf vibratiom to be applied to-a given
satellite. In-flight success has indicated that they are
probably sufficiently high. The failure in flight of one
non-in-line subassembly which had failed to qualify in
vibration but which was flown anyway suggests that the levels
are not excessive. It is believed that the data gathered by
our in-flight measurements program will verify these conclusions.
The results so far tentatively indicate that our test levels
are somewhat low at low frequencies where vehicle structural
modes are found and somewhat high at intermediate frequencies.

An unexpected failure of one experiment probably during
the powered flight phase of the Ariel I launching suggests
that our testing did not adequately cover the combined effects
of acceleration and vibration. This area of combined environments
is one in which we feel a certain weakness.

Thermal-Vacuum

There are problems in both level and duration of thermal-
vacuum testing.

Recent experience, particularly with Explorer XIV,
has indicated that our ability to predict temperatures on the
basis of engineering calculation is not particularly good for
complicated satellite geometrics.14 This is pushing us strongly
toward solar simulation as the desired test method. However,
here we find the test equipment marginal at best.

In the matter of test duration, we have the quandry of
when to stop testing. This is touched on by Lloyd and Lipow15

14 The JeF)Propulsion Laboratory encountered a similar problem

in their Mariner II Venus fly-by.
15 Lloyd & Lipow, Op. Cit., Page 416 and Chapter 16.
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in their discussion of the development of a test program for

a liguid rocket engine. In this case, they were able to project
desirable test duration and make reliability estimates on the
basis of many tests (~100) of suitably similar devices of the
same design. In our case, we have had one similar device:

the prototype.

Experience with the more sophisticated satellites which
we are now flying indicates we are not achieving the one
year life which we nominally feel is desirable. Table VI
typical performance. We are attacking this problem on
both the design and testing levels. (It might also be noted— —
that we are including timers in many satellites to shut them
off after one year to clear the communications channels.)

From the testing point of view there is another duration
problem. It will be recalled that our failure model proposes
that initial testing be long enough to eliminate "infant"
faults. Figure 516 shows our experience in this regard on
three satellites. These data show that we are still having
failures at a significant rate as the test ends. Extending
the required duration of thermal-vacuum tests is under serious
consideration.

UTILIZATION OF EXPERIENCE

Currently, the utilization on the next program of
experience gained in the development and evaluation of a
previous satellite is a significant problem. The difficulty
in this area is largely caused by the fact that the state-

-the-art is progressing so rapidly that none but the most
recent experience has application. The problems in instant
acquisition, digestion and dissemination of such information
are obviously manifold. One can only say that we are constantly
trying to improve the procedures and mechanisms used for this
purpose.

16 Timmins, A. R. and Rosette, K. L., Experience in Thermal-

Vacuum Testing Earth Satellites at Goddard Space Flight
Center. (Proceedings of the Institute of Environmental
Sciences) April 1963 - (to be published).
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SUMMARY

In the foregoing, an attempt has been made to follow
the rational used in establishing an environmental test
program and to fit this program into the overall satellite
reliability picture. Perhaps the most distinctive feature
of a satellite test program is that stringent environmental
tests of the actual flight units are conducted. The success
of the approach is demonstrated by highly successful satellites
in orbit.
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